CS213,Spring2002
Lab Assignment6: DynamicStorageAllocator
Assigned:Tue. Apr. 9, Due: Mon. Apr. 22,11:59PM

Pleaseseeone of usor email st af f - 213@s. cmu. edu with ary questionsof concerns.As always,
we’re hereto help.

Intr oduction

In this lab you will be writing a dynamicstorageallocatorfor C programs,.e., your own versionof the
mal | oc, free andr eal | oc routines. You areencouragedo explore the designspacecreatizely and
implementanallocatorthatis correct,efficientandfast.

Logistics

You maywork in a groupof up to two people. Any clarificationsandrevisionsto the assignmenwill be
postedon the courseWebpage.

Hand Out Instructions

Thefilesfor this assignmentanberetrievedfrom
| af s/ cs/ academ c/ cl ass/ 15213-s02/ | abs/ L6/ L6. t ar

Onceyou've copiedthisfile into a(protectedfirectory runthecommand ar xvf L6. t ar. Fill in your
teaminformationin the structureatthe beginning of thefile rm c. Whenyou have completedhelab, you
will handin only onefile (mm c), which containsyour solution.

How to Work on the Lab

Your dynamicstorageallocatorwill consistof the following four functions,which are declaredn nm h
anddefinedin mm c.



i nt mm_i ni t(void);

void *mm mal | oc(size_t size);

void mmfree(void *ptr);

void *mmreal l oc(void *ptr, size_t size);

Thenmm c file we have givenyouimplementghe simplestbut still functionallycorrectmallocpackagehat
we couldthink of. Usingthis asa startingplace,modify thesefunctions(andpossiblydefineotherprivate
st at i ¢ functions),sothatthey obey thefollowing semantics:

e mMmi ni t: Beforecallingmmmnal | oc nmr eal | oc or nmf r ee, the applicationprogram(i.e.,
the trace-drven testharnesghat you will useto evaluateyour implementation)alls mmi ni t to
performary necessarinitializations suchasallocatingtheinitial heaparea.Thereturnvalueshould
be-1if therewasa problemin performingtheinitialization, O otherwise.

e Mmnual | oc: Thenmnal | oc routinereturnsa pointerto an allocatedblock payloadof at least
si ze bytes.Theentireallocatedblock shouldlie within the heapregion andshouldnot overlapwith
ary otherallocatedchunk.

We will comparingyourimplementatiorio theversionof mal | oc suppliedin the standardC library
(I'i bc). Sincethel i bc malloc alwaysreturnspayloadpointersthat are alignedto 8 bytes,your
mallocimplementatiorshoulddo likewiseandalwaysreturn8-bytealignedpointers.

e mmf ree: Themmf r ee routinefreesthe block pointedto by pt r . It returnsnothing. This rou-
tine is only guaranteedo work whenthe passedpointer (pt r ) wasreturnedby an earlier call to
mmmal | oc or mmr eal | oc andhasnotyetbeenfreed.

e mmreal | oc: Thenmr eal | oc routinereturnsa pointerto anallocatedregion of atleastsi ze
byteswith thefollowing constraints.

— if ptr isNULL, thecall is equivalentto mrmumal | oc( si ze);
— if si ze is equalto zero,thecall is equivalentto nmf ree(ptr);

— if pt r isnotNULL, it musthave beernreturnediy anearliercalltonmmal | oc ormmr eal | oc.

The call to mr eal | oc changeghe size of the memoryblock pointedto by pt r (the old
block) to si ze bytesandreturnsthe addresf the new block. Notice thatthe addresof the
new block mightbethesameastheold block, or it mightbedifferent,dependingnyourimple-
mentationthe amountof internalfragmentatiorin the old block, andthessizeof ther eal | oc
request.
The contentof thenew block arethe sameasthoseof theold pt r block,upto theminimumof
theold andnew sizes.Everythingelseis uninitialized. For example,if the old block is 8 bytes
andthenew blockis 12 bytes,thenthefirst 8 bytesof the new block areidenticalto thefirst 8
bytesof the old block andthelast4 bytesareuninitialized. Similarly, if the old blockis 8 bytes
andthenew blockis 4 bytes,thenthe contentf thenew block areidenticalto thefirst 4 bytes
of theold block.

Thesesemanticsnatchthethe semantic®f thecorrespondind.inux mal | oc, r eal | oc, andf r ee rou-
tines.Typerman mal | oc to theshellfor completedocumentation.
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Heap ConsistencyChecker.

Dynamic memoryallocatorsare notoriouslytricky beastgo programcorrectly andefficiently. They are
difficult to programcorrectlybecausehey involve alot of (voi d *) pointerreferencesYou will find it
very helpful to write a heapcheckethatscanghe heapandchecksit for consisteng.

Someexamplesof whata heapcheckemight checkare:

Is every blockin thefreelist markedasfree?

Are thereary contiguoudreeblocksthatsomeha escapedoalescing?
Is every freeblock actuallyin thefreelist?

Do thepointersin thefreelist pointto valid free blocks?

Do ary allocatedblocksoverlap?

Do thepointersin a heapblock pointto valid heapaddresses?

Yourheapcheckemwill consistof thefunctioni nt mmcheck(voi d) inmm c. It will checkary invari-
antsor consisteng conditionsyou considerprudent.It returnsa nonzerovalueif andonly if your heapis
consistentYou arenot limited to thelisted suggestionsior areyou requiredto checkall of them. Youare
encouragedbo print outerrormessagewhennmcheck fails.

This consisteng checkeris for your own deluggingduring development.Whenyou submitnm c, make
sureto remove ary callsto nmcheck asthey will slow down your throughput.Style pointswill be given
for yournmcheck. Makesureto putin commentsanddocumentvhatyou arechecking.

Support routines

The memlihc packagesimulateghe memorysystemfor your dynamicmemoryallocator You caninvoke
thefollowing functionsin mem i b. c:

voi d *memshbr k(i nt incr): Expandsthe heapby i ncr bytes,wherei ncr is a positive
non-zerointegerandreturnsa genericpointerto thefirst byte of the newly allocatedheaparea.The
semanticareidenticalto the Unix sbr k function, exceptthat memsbr k acceptsonly a positive
non-zerantegerargument.

voi d *memheap_| o( voi d): Returnsagenericpointerto thefirst bytein theheap.
voi d *memheap_hi (voi d): Returnsagenericpointerto thelastbytein the heap.
si zet memheapsi ze(voi d): Returnghecurrentsizeof the heapin bytes.

si zet nmempagesi ze(voi d): Returnghesystems$ pagesizein bytes(4K on Linux systems).



The trace-driventestharness

Thent est . ¢ programin theL6. t ar distributiontestsyourmm c¢ packagdor correctnessspaceutiliza-
tion, andthroughput.The testharnesss controlledby a setof tracefilesthatareincludedin theL6. t ar

distribution. Eachtracefile containsa sequencef allocate reallocate andfree directionsthatinstructthe
testharnesdo call your mrmmal | oc, nmr eal | oc, andmmf r ee routinesin somesequenceThe test
harnesandthetracefiles arethe sameoneswe will usewhenwe gradeyourhandinnm c file.

Thetestharnesscceptghefollowing commandine arguments:
e -f <tracefil e> Useoneparticulart r acef i | e for testinginsteadof thedefaultset.
e - h: Printasummaryof thecommandine arguments.
e -1 : Runl i bc mallocin additionto the studentsmallocpackage.

e - Vv: Verboseoutput.Printa performancdreakdevn for eachtracefile.

- V: Printsadditionaldiagnostidnformationaseachtracefile is processedUsefulduringdehugging
for determiningwhichtracefile is causingyour mallocpackageo fail.

Programming Rules

e Youarenotallowedto changeary of theinterfacesn nm c.

¢ Youshouldnotinvokeary memory-managemenglatedlibrary calls or systemcalls. This excludes
theuseof mal | oc, cal | oc, free, real | oc, sbrk, brk orary variantsof thesecallsin your
code.

e Youarenotallowedto defineary globalorst at i ¢ compoundiatastructuresuchasarraysstructs,
treesorlistsin yournm c program.However, you areallowedto declareglobalscalaariablesuch
asintegers floats,andpointersin nm c.

e For consisteng with thel i bc mal | oc packageyour allocatormustalwaysreturnpointersthatare
alignedto 8-byteboundariesThetestharnesswvill enforcethis for you.

Evaluation

Youwill receve zero points if youbreakary of therulesor your codeis buggy. Otherwiseyour gradewill
becalculatedasfollows:

e Correctnesg20 points). You will receive full pointsif your solution passeghe correctnesdests
performedby thetestharnesgnt est ). Youwill receve partialcreditfor correctimplementationsf
mal | oc andf r ee (i.e.,you passthefirst 9 tracefiles).



e Performancé35 points). Two performancametricswill beusedto evaluateyour solution:

— Spaceutilization: The peakratio betweenthe aggr@ateamountof memoryusedby the test
harnesgi.e., allocatedvia mrmmal | oc or nmr eal | oc but notyet freedvia mmf r ee) and
thesizeof the heapusedby your allocator Theoptimalratio equalsto 1. You shouldfind good
policiesto minimizefragmentationn orderto makethisratio ascloseaspossibleto the optimal.

— Throughput Theaveragenumberof operationcompletedpersecond.

Thetestharnesgnt est ) summarizetheperformancef yourallocatorby computinga performance
index, P, whichis aweightedsumof thespaceutilization andthroughput

P =wU + (1 — w) min <1, i)
Thipe

whereU isyourspaceutilization, T’ is yourthroughputandTy;. is theestimatedhroughpubof | i bc
mallocon your systemon the defaulttraces(600 Kops/sec).The index favors spaceutilization over
throughputwith adefaultof w = 0.6.

Observingthat both memoryspaceand CPU cycles are expensve systemresourcesye adoptthis
formula to encouragebalancedoptimization of both. Ideally, the performanceindex will reach
P =w+ (1—-w)=10r100%. Sinceeachmetricwill contributeatmostw and1 — w to the perfor
manceindex, respectiely, you shouldnot go to extremesto optimizeeitherthe memoryutilization
or thethroughpubnly. To receive agoodscore you mustachieve a balancebetweenrutilization and
throughput.

To getfull creditfor this partof thelab, youwill needto achieve a performancéndex of 95%. Your
scorewill becalculatedby adding.05to your performancéndex andmultiplying by 35 points. You
cannotgetmorethan35 pointsfor this partof thelab, though.

e Style(10 points). Your codeshouldbereadableandwell commentedDefinemacrosor subroutines
wherenecessaryo makethe codemoreunderstandablés pointswill be givenfor awell writtenand
documentedrmcheck and5 pointswill be givenfor the styleof therestof your code.

Handin Instructions

Youwill handinyournmm c file via awebinterface.Seethelab webpagdor detailson how to do this.

You may submityour solutionfor testingasmary timesasyou wish up until the duedate. The web page
will list bothyour bestscoringsubmissiorandyour mostrecentsubmission.

Whenyou are satisfiedwith your solution, thenyou can officially handit in. Only the last versionyou
submitwill begraded.

Whentestingyour files locally, makesureto useone of the fish machines.This will insurethatthe grade
you getfrom nt est is representatie of thegradeyouwill receve whenyou submityour solution.



Hints

e Usethent est -f option. Duringinitial developmentusingtiny tracefiles will simplify detugging
andtesting. We have includedtwo suchtracefiles (short 1, 2- bal . r ep) thatyou canusefor
initial delugging.

e Usethent est - v and- V options.The- v optionwill give you adetailedsummaryfor eachtrace
file. The- V will alsoindicatewheneachtracefile is read,whichwill helpyouisolateerrors.

e Compilewith gcc - g andusea delugger A deluggerwill help you isolateandidentify out of
boundsmemoryreferences.

e Understandevery line of the malloc implementatiorin the textbook. The textbook hasa detailed
exampleof a simpleallocatorbasedon animplicit freelist. Usethisis a point of departure.Don’t
startworkingonyourallocatoruntil youunderstan@verythingaboutthesimpleimplicit list allocator

e Encapsulateyour pointerarithmeticin C preprocessomacios. Pointerarithmeticin memoryman-
agersis confusinganderrorpronebecausef all the castingthatis necessaryYou canreducethe
compleity significantlyby writing macrosfor your pointeroperationsSeethetext for examples.

e Do yourimplementatiorin stages.The first 9 tracescontainrequestdo mal | oc andfr ee. The
last2 tracescontainrequestdor r eal | oc, mal | oc, andf r ee. We recommendhatyou startby
gettingyourmal | oc andf r ee routinesworking correctlyandefficiently on thefirst 9 traces.Only
thenshouldyou turn your attentionto ther eal | oc implementation.For starterspuild r eal | oc
on top of your existing mal | oc andf r ee implementations.But to getreally good performance,
youwill needto build astand-alone eal | oc.

e Usea profiler. You mayfind thegpr of tool helpful for optimizingperformance.

e Startearly! It is possibleto write an efficient malloc packagewith a few pagesof code. However,
we canguaranteghatit will be someof the mostsophisticatedodeyou have written sofar in your
career Sostartearly andgoodluck!



